Introduction
The EV Project deployed over 5,000 alternating current Level 2 charging stations and over 100 dual-port direct current fast chargers for commercial use in 17 geographic regions across the United States. Approximately 8,300 Nissan Leaf™ and Chevrolet Volt PEVs participated in The EV Project by allowing data to be collected, characterizing operation of their PEVs and their charging usage. In the San Diego region, final PEV enrollment included 681 Leafs and 272 Volt owners.
The PEV charging stations deployed as part of The EV Project included both residential and non-residential sites.
Non-residential sites included electric vehicle supply equipment (EVSE) installed in workplace environments, fleet applications, and those that were publicly accessible near retail centers, parking lots, and similar locations. The EV Project utilized its Micro-Climate ® planning process to determine potential sites for publicly accessible EVSE in San Diego. This process worked with local stakeholders to target EVSE deployment near areas where The EV Project residential participants resided and where significant PEV traffic was expected. Using this process, The EV Project installed 545 non-residential fleet, workplace, and publicly accessible EVSE at 164 locations in the San Diego region. In The EV Project, it was originally assumed that publicly accessible EVSE would have a 1/4-mile radius of influence, meaning a person would likely walk up to one-fourth a mile from the EVSE where his/her vehicle is charging to a desired destination. However, actual practice suggests that this distance is too far and a more realistic sphere of influence is about 300 ft (i.e., the length of a football field). This 300-ft sphere of influence was used for the analyses described herein.
The period from July 1 to December 31, 2013, was chosen for analysis because the vehicle enrollment in The EV Project was complete and PEV driver habits were well established. In addition, the non-residential EVSE infrastructure was essentially fully deployed; therefore, PEV drivers would be aware of the EVSE locations.
Data Analyzed Results

Residential Participants
The San Diego region of The EV Project encompassed most of San Diego County, with project participants enrolled from all areas of the region. Figure 1 shows the rather homogeneous distribution of the home location for project participants. The size of the region can be characterized by the distance from the northernmost areas in Oceanside to the southern areas of Imperial Beach, which is a distance of about 50 miles. While all areas would be within the range of a Volt using both the charge depleting and charge sustaining modes, the typical range of the Leaf could likely allow it to complete all but the longest round trips in the area. Thus, away-from-home charging may not be a necessity in all situations, but more of a convenience for range extension to include other trip stops, or increase Volt operation in charge depleting mode. There were a total of 232,083 parking events at 21,636 distinct sites. As noted above, distinct sites are defined in zones with a 300-ft radius. The most frequently visited site had a total of 467 visits by 31 different vehicles. However, there were many sites with high parking events, but a low number of different vehicles. This was the case for workplace parking. A single vehicle could also make many trips to a single spot over the course of the 6-month duration of the data set (e.g., favorite restaurant, grocery store, girlfriend, etc.).
Sites that had a high numbers of parking events but few different vehicles were of less interest in understanding the overall away-from-home parking behavior of PEV drivers, because they identify the driving behavior for select individuals. For example, there were 11,939 sites (55% of
For more information, visit avt.inl.gov all sites) where only a single vehicle parked during the evaluation period. These single PEV parking locations also accounted for 21% of all parking events. Figure 3 displays the cumulative percent of parking events related to the number of different vehicles. Likewise, sites that attracted high numbers of different vehicles but provided low numbers of parking events are of less interest in characterizing the larger group of drivers. For example, 28 distinct vehicles visited one site that had a total of 30 parking events, meaning only 2 or 3 of those vehicles came back for a second visit. The site attracting the most distinct vehicles (i.e., 105) had 241 parking events. Figure 4 displays the cumulative percent of parking events based on the number of parking events per site. With 26 weeks in the study period, 52 parking events per site is an average of two visits per week. Further, 55% of all parking events were at sites that averaged two or fewer visits per week. Figure 5 illustrates the relationship between parking events and the number of different vehicles. Of greater interest are sites with high numbers of parking events and high numbers of different vehicles. Data were provided from 789 vehicles (467 Leafs and 322 Volts) in the 6-month analysis period. The most attractive site for vehicles saw 105 of these vehicles (i.e., 13%) park there.
Sites that attracted at least 40% of these vehicles (i.e., 42 vehicles) and at least double that number of parking events (i.e., 84 events) were investigated further. There were 100 of these sites and they are represented by those to the right and above the red lines of Figure 5 . Figure 6 shows the geographic location of these 100 parking locations in red. These 100 sites represent less than 1% of the parking sites, but they provide 15,646 (i.e., 6.7%) of the parking events, with an average of 56 distinct vehicles per site.
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Vehicle Trips
The number of times a particular reporting vehicle parked away from home during the period was investigated. Figure 8 shows the percentage of vehicles versus the average number of times it parked away from home per week. Significantly, 26% of PEV drivers parked away from home less than once a day during the analysis period. It is likely that some of these are the Volts visiting from other regions, but, at most, these would be 6% of all PEVs. Conversely, one vehicle parked in locations away from home an average of nearly 39 times per week.
The National Household Travel Survey provides information to assist transportation planners and policy makers on travel and transportation patterns. The latest published survey is for the year 2009 and it reports an average of 3.02 trips per driver per day. 3 A trip consists of a key-on and key-off event. Assuming the daily trips end at home (this location was not counted in the PEV data), the Travel Survey would report 2.02 trips (or trip end points) per day that were away from home, which would be 14.1 trip end points away from home weekly. On average, 64% of PEV drivers in The EV Project in the San Diego region took fewer trips per day than the national average.
Away-From-Home Charging Analysis
The data set included information related to the vehicle charging away from home. Figure 9 presents an overview of these data. For this analysis, the number of charge events away from home is compared to the number of parking events away from home to determine a percentage of charging events. Significantly, 78% of vehicles charge less than one out of 10 times they park away from home.
No Away-From-Home Charging
While all of the 789 vehicles recorded away-from-home parking events, 255 (i.e., 32%) did not record any away-from-home charging events during this period. Table 3 provides a summary of those not charging away
For more information, visit avt.inl.gov from home. The "Percent of Vehicle Make" column represents the fraction of Leafs and the fraction of Volts in the data set that did not charge away from home. The difference between PEV makes was not significant. 4 At that time, some had nearly 3 years of experience with their PEV. The respondents to the survey were segmented by their vehicle data so that when asked, "How often do you use public charging?" it could be compared to their actual vehicle data.
While 69% reported they have never or rarely use public charging, verifiable vehicle data showed that only16% actually had no away-from-home charging. Thus, the 32% of vehicles identified in Table 3 is not surprising. Figure 10 shows the away-from-home charging locations where the size of the location represents the number of charge events by all vehicles at that location.
Away-From-Home Charging
From the 16,557 individual away-from-home charge events in the data set, there are a total of 868 unique charging sites identified from vehicle data. Figure 11 provides information on how frequently the sites were utilized. Because there were 26 weeks in the data set, 25 charges per site would average less than one charge per week. Fully, 81% of the charge sites are in this category. The 75 most utilized sites for charging received 76 or more charges per site. This is an average of approximately 3 charges per week and accounts for 9% of the charging activity. These sites were investigated further.
Although the data set was derived from parking and charging sites that were away from the PEV drivers' residences, 43 of the highest utilized sites were located in residential areas, suggesting they were, in fact, home locations. The identification of whether a site is home or away-from-home depends on comparison of GPS coordinates entered in the database during EVSE INL/EXT-15-36323
For more information, visit avt.inl.gov installation and the GPS coordinates of the vehicle during a charge event. Errors in either can result in misidentification of the sites, which is likely the case for these 43 sites. Final determination is impossible without viewing the GPS locations in a mapping program, as was done for this report. The remaining highly utilized charging sites are reported in Table 4 . Qualcomm provides a significant number of the workplace sites noted above. Non-residential EVSE installed by The EV Project are located in the vicinity of 14 of these 32 highly utilized charging locations.
As with parking events, the greatest interest lies in investigating the sites with high numbers of charging events and high numbers of different vehicles. Figure 12 illustrates this relationship. Sites with greater than 10 different vehicles and 26 or more charging events (one per week average) over the 6-month analysis period were investigated further. There are 20 such sites.
It has been noted that all but three auto dealer sites and one big retail site were served by non-residential EVSE installed by The EV Project. 
Conclusions
Participants in The EV Project came from all areas of the San Diego region. Because only 7% of all parking events away from home involved charging, the 789 PEVs reporting data in the last half of 2013 likely did not charge their vehicle away from home for range extension, but may have charged for convenience. The most frequently used location for away-from-home charging is the PEV driver's workplace. The most frequently visited locations by different vehicles are shopping malls and "big box store" retail locations.
Where PEV drivers park away from home is as diverse as the individual. Where they charge is also very individualized and primarily focused on their workplace. Retail locations, especially malls and shopping centers, provide the most attractive sites for large numbers of different PEVs.
About The EV Project
The EV Project was the largest PEV infrastructure demonstration project in the world, equally funded by the United States Department of Energy (DOE) through the American Recovery and Reinvestment Act and private sector partners. The EV Project deployed over 12,000 alternating current Level 2 charging stations for residential and commercial use and over 100 dual-port direct current fast chargers in 17 U.S. regions. Approximately 8,300 Nissan Leafs™, Chevrolet Volts, and Smart ForTwo Electric Drive vehicles were enrolled in the project.
Project participants gave written consent for EV Project researchers to collect and analyze data from their vehicles and/or charging units. Data collected from the vehicles and charging infrastructure represented almost 125 million miles of driving and 4 million charging events. The data collection phase of The EV Project ran from January 1, 2011, through December 31, 2013. Idaho National Laboratory is responsible for analyzing the data and publishing summary reports, technical papers, and lessons learned on vehicle and charging unit use.
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